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grid

CHN_Create_distribution(arr_,csolo,

grid

c. Define decompositions                      (processor assignments)

b. Define sections                      (tessellations) based on same           (Step a)

csolo,cuni

arr_,arrd_

MPI_REAL,arr,0,1,5);

d. Define distributions                     (distributed arrays; exploded view)
CHN_Create_distribution(arrd_,cuni,

MPI_REAL,arrd,2,1,5);

CHN_Create_section(ssolo,grid);

CHN_Create_grid(grid,MPI_COMM_WORLD,2);

CHN_Set_unipartition_cuts(suni);
CHN_Create_section(suni,grid);

CHN_Set_solopartition_cuts(ssolo);

ssolo,suni

CHN_Set_grid_size(grid,1,ny);

ny

a. Define logical

CHN_Set_grid_size(grid,0,nx);

No ghost points

Ghost points

CHN_Create_decomposition(cuni,suni);
CHN_Set_unipartition_owners(cuni);CHN_Set_solopartition_owners(csolo,0);

CHN_Create_decomposition(csolo,ssolo);

(arrd_,arr_);

(arr_,arrd_);
CHN_Redistribute

scatter

gather

CHN_Redistribute

cut

Cell

Cell

nx

cut

cut

cut

proc. 4

proc. 7

processor 0

proc. 1

proc. 8

proc. 5

proc. 2proc. 0

proc. 3

proc. 6

^`_ba ��co�*d ZQ°o`O^_`Y �bU`Ot
T�b�VOVO^_`Y �tY^_a�Xi[L^_�OW:XLZ-t+b6[i[cb"�Ya

@%FlD�@ ÆQÆ I«M:BNDdC*Pl8HÏNFl8oÐ�D ÆlÆ 8YF Æ Ú
FQD Æ ÌNÎ�PQI«BNM³I�B @e�:ý"û��kþgf �E�-ù��
ÿ�ù��%ú?<%Þ®ÊND®@ ÆlÆ 8EÐ�I«@%PQDUC�ÉÑÌNB?Ð-Ô
PQI«8:B�I Æ 14345 7.148*94:.;*97.@69 D=FEhSi
W*F C>E;?>�F=G�<"Þ®ÊNDAFlDU@ Æ 8:B¥ÓHÊoÜ
PQÊNDhÐ�FQDd@kPlI�8YB¥8:É Æ DUÐ6PQI«8:B�@%B?C
CEDUÐ�8:Ë¸Ï�8 Æ I�PQI«8:B�@:FQD Æ D�Ï?@:Fl@%PQDUC
I Æ Pl8�ÏNFl8kÕoI«CEDj	?D��EI�9NI«Î«IuPLÜY<�;N8YF
D��N@%Ë¸ÏNÎ«D:Ú%Ó�DHËµ@zÜ
CEI«ÕoI«CND*@
M:FlI«CµI«BOPQ8
PQDUB Æ Î�I¯Ð6D Æ ÉÑ8YF=D��oÔ
DUÐ6ÌNPQI«8:B+8:B
@¥Ï?@:Fl@:Î�Î«D�ÎEÐ68YË+Ô
ÏNÌEPQDUFUÚ:9NÌEPh@ ÆlÆ I�MYB
@%Î«Î Æ Î�I¯Ð6D Æ
PQ8µPlÊND Æ @%Ë¸D�ÏNFl8EÐ6D ÆQÆ 8:F®ÉÑ8YF
PQÊND�Ï?ÌNFQÏ�8 Æ D�8:É�CEDU9NÌNMYM:I«BNM
8:B�@ Æ DUFQI¯@%ÎkËµ@YÐ"ÊNI�B?D:< Å¥Æ ÓHI�PQÊ
PQÊNDhÐ�FQDd@kPlI�8YB¥8:É Æ DUÐ6PQI«8:B Æ Ú6Ó�D
Ð�@%B�Ð"ÊN8o8 Æ D5PQ8�@ ÆQÆ I�MYB Dd@:Ð"Ê
Ð6D�Î«ÎkPl8*@®ÏNFl8oÐ�D ÆlÆ 8YFrI�B?CNI�ÕoI¯CoÔ
Ì?@%Î«Î�ÜYÚ�8YF¤Ëµ@��:DA@ Æ I«BNM:Î«DhÐU@%Î«Î
PQ8�@®ÊNI«M:ÊEÔ�Î«D�Õ:DUÎ%Fl8:ÌEPlI�BNDY<�;N8YF
D��N@%Ë¸ÏNÎ«D:Ú�14365 74U49.; 7�Y6G?>kW :.86;*i
>k;?>�F=GX7.F=l6G 9.8XC�@ ÆlÆ I�MYB Æ DU@:Ð"Ê
Ð6D�Î«Î%I«B�PQÊNDhÌNBNI«Ï?@%FQPQI�PQI«8:B Æ DUÐ-Ô
PQI«8:B4PQ8¸@+CNIuørD�FlD�BOPHÏNFl8oÐ�D Æ Ô
Æ 8YFU< m�ÌEP¥FQDUMY@%F"CEÎ«D ÆlÆ 8%É�PQÊ?D
BOÌ?Ë&9�D�F¤8:ÉOÏNFl8EÐ6D ÆQÆ 8:F Æ I�B�PlÊND
Ð68:Ë¸Ë
ÌNBNI¯Ð�@kPl8:FdÚj14365 74U49.; 7
C�FV4F=W :=86;?>E;?>�F=GX74F=l.G 9.8 C�@ Æ Ô
Æ I«M:B Æ @:Î�Î¤Ð�D�Î«Î Æ Pl8
PlÊND Æ @%Ë¸D
ÏNFQ8EÐ�D ÆlÆ 8YFU<
;�I«B?@:Î�Î«Ü Ö�;�I«M?<�æUC?Û6Ú�@%FQÔ

Fl@zÜ Æ ÓHI�PQÊ�8:B?D�8:F�Ë¸8:FlD Æ Ï�@kÔ
PQI¯@%Î¥CNI�Ë¸D�B Æ I«8:B Æ Ö Æ @%Ë¸D©@ Æ
PQÊNDAMYFQI¯C?Ûr@:FQD�@ ÆlÆ 8oÐ�I«@%PQDdC*ÓHI�PQÊ
@HCEDUÐ�8:Ë¸Ï�8 Æ I�PQI«8:B±Ú6FQD Æ Ì?ÎuPlI�BNM
I�Bn�kù��-ÿ�ü-ù � �Eÿ¢ù��kú*�-<NÞ®ÊND�@ ÆlÆ 8oÐ�I«@%PQDdC+ÉÑÌNB?Ð-PlI�8YB I Æ 1.365 7.14896:.;*97=@S>4C�;68X>ko6Y4;?>�F=G�<zÞ®ÊND�@%FQÔ
Fl@zÜ Æ Ëµ@zÜ�FQDUÏNFlD Æ D�BOP Æ Ð�@:Î«@:FpAYÌ�@%BOPQI�PQI«D Æ @%P®Dd@:Ð"Ê¶M:FlI«C4Ï�8:I«BYPdÚE8:FHÊNI«M:Ê?D�FQÔ¢8YFlCEDUFhPlD�B Æ 8:F Æ <
ÙiBµPQÊND5D��N@:Ë+Ï?Î�D�I«B ;�I«M?<�æUC¸PlÊND*PlD�B Æ 8:F=Fl@:B*�+I Æ æ:ÚO@%B?C¸PlÊND¥PQÊoÌ Æ Î�Ü¸CED6Í�BNDUC Õ:DUÐ6PQ8YFhÊ?@ Æ
ë Ð�8:Ë¸Ï�8YBND�BOP Æ @%P�Dd@:Ð"Ê�MYFQI¯C�Ï�8:I«BOPU< Å CEI Æ PQFlI«9NÌEPQI«8:B+Ê?@ Æ 8YBND=8:É�@ Æ ÌN9 Æ D�P�8:ÉNPQÊND®FlD�MYÌNÎ«@:F



×.ØAÙ�CN@kP"@*PLÜoÏ�D Æ Ö�q6rSs=7=t6u6v6w5I«B&PlÊNI Æ Ð�@ Æ DzÛ-<:âoI«B?Ð6D¥ã=Ê�@%Fl8:B&D��EÏNFQD ÆQÆ Î«Ü Æ Ì?ÏNÏ�8YFcP Æ�Æ PlD�B?Ð�I�Î
8:Ï�D�F"@kPQI«8:B Æ 8:B4Ë&ÌNÎ�PQI�ÔiCEI�Ë¸DUB Æ I«8:B�@%Î�M:FlI«C Æ Ú:Ó�D�@%Î Æ 8 Æ Ï�DUÐ6I�ÉÑÜ�@�BoÌNË
9�DUF®8%Éx/Ey*�E�-ÿzf*�%ùªú?ÿH�"<
Þ®ÊND Æ D&ÉÑ8YFQË @49�8:F"CED�F�8%É=Ï�8YI�BOP Æ Ö Æ Ê?@YCEDUC£@%FlDU@OÛ�@:FQ8YÌNB?C3Dd@:Ð"Ê³Ð�D�Î«Î�ÚrÓHÊNI¯Ð"Ê @:Ð-P Æ @ Æ @
Ð�@:Ð"Ê?D®ÉÑ8:F=C?@kPl@�Ð�8:ÏNI«DUC+ÉÑFl8:Ë @:CkKc@:Ð6DUBOPhÐ6D�Î«Î Æ <YÙiB¸PQÊNI Æ ÐU@ Æ D®PQÊND*ÌNB?CEI«ÕoI«CEDdC�CEI Æ PlFQI«9NÌEPlI�8YB
Ê?@ Æ ÝUD�Fl8+MYÊN8 Æ PHÏ�8YI�BOP Æ ÚNÓHÊ?D�FlDU@ Æ PlÊND�ÌNBNI«Ï?@:FcPlIuPlI�8YB¶CEI Æ PQFlI�9NÌNPQI«8:B�Ê?@ Æ PLÓ=8�ÚEÓHÊNI«Ð"Ê�Ð�@:B
Æ ÌNÏ?Ï�8YFcPHÊNI«M:ÊNDUFcÔ�8:F"CEDUF®CNIuørD�FlD�B?Ð�D Æ PlD�B?Ð�I�Î Æ ÖÑDY< M�<N@¶æ õ Ô�Ï�8:I«BYP õYê Æ P"@%F-Û-<
Þ®ÊND�@ Æ Ï�DdÐ-P�8:É®CEI Æ PQFlI�9NÌNPQI«8:B Æ PlÊ?@kP Æ D�P Æ ã=Ê?@:FQ8YB£@:Ï?@%FQP�Ë¸8 Æ P�ÉÑFQ8YË 8%PlÊND�F&Ï?@%F"@%Î�Ô

Î�DUÎ�I«ÝU@%PQI«8:B Î�I«9NF"@%FlI�D Æ I Æ PQÊ?D4É�@YÐ-PµPlÊ?@kP¸PQÊ?D3ÏNFQ8YM:F"@%Ë¸Ë¸D�F¸@%Î Æ 8 Æ ÌNÏNÏNÎ«I�D Æ PQÊND3Ë¸DUË+8YFQÜ
8oÐUÐ6ÌNÏ?I�DdC49oÜµPlÊND�CEI Æ PlFQI«9NÌEPlDUC�@%FlF"@zÜS{Nã=Ê?@:FQ8YB ÏNFl8kÕoI«CED Æ @2�-ÿ¢ü��?û6ÿ|�Eü-ùªú4/µùªú?ÿiý6ü|früQý6ÿ��kÿ¢ù��kú
8%É=Ì Æ DUF Æ Ï?@YÐ6D:<rÙiB³PQÊND¸D��E@:Ë¸ÏNÎ�D+I«B£;�I«M?<�æUC©IuP�I Æ @ ÆlÆ Ì?Ë+DdC3PlÊ?@kP�:.868�I Æ PlÊND Æ P"@%FQPQI«BNM
@:CNCEFlD ÆlÆ 8:É�PlÊND�BN8YBEÔiCEI Æ PQFlI«9NÌEPQDdC¦@%FlFl@zÜ©Ì Æ DdC I�B PlÊND�Î«D�MO@:Ð6Ü£Ð68ECEDYÚ±ÓHÊNDUFQDd@ Æ :.868@3I Æ
PQÊND Æ Pl@:FcPlI�BNM @:C?CEFQD ÆQÆ 8:É5@£BND�ÓHÎ«Ü CEDdÐ6Î¯@%FlDUC @%FlFl@zÜ£PlÊ?@kPµÓHI«Î�Î�Ê?8:Î¯C�CN@%Pl@£FlD�Î¯@kPQDdC¦Pl8
PQÊND¸ÌNBNI«Ï?@:FcPlIuPlI�8YB£CEI Æ PQFlI�9NÌNPQI«8:B¤<zm�Ü.Ëµ@%Ï?ÏNI�B?M¶9�D6PLÓ�D�DUBn:.868.@%B�C}:.8686@=�JÌ Æ I�BNM~14365 7
t94@S>4C�;48?>ko6Y;9 Ö Æ D�D3@%Î Æ 8 ;�I«M?<HædC?Û|�JÓ=D3ÐU@%BJCEÜoB?@%Ë¸I¯Ð�@:Î�Î«Ü Æ ÓHI�PlÐ"Ê ÉÑFl8:ËàPlÊND Æ D�FlI«@:Î
Î�DUMY@:Ð�Ü�Ð�8oCND3PQ8 PQFlÌNÎ�ÜwCEI Æ PlFQI«9NÌEPlDUC Ð�8ECED:Ú�@%B?Cw9?@YÐ��r< Å Î«Î¥PQÊ?@%P4I Æ FlDBAOÌNI«FQDdC�I Æ PQÊ?@%P
PQÊND4ÏNFQ8YM:F"@%Ë¸Ë¸D�F&CND6Í?BND¶CEI Æ PlFQI«9NÌEPlI�8YBe:.848 7 Æ Ì�Ð"Ê PQÊ?@%P&PQÊ?D4Ë¸D�Ë¸8YFQÜ£Î«@zÜY8:ÌEP
8%ÉHPQÊ?D
ÖÑÎ«D�MY@YÐ6Ü�Ð�8oCNDdÛ�@%FlFl@zÜ2:.868�Ð68YI�B�Ð6I¯CED�D��N@:Ð6PQÎ«Ü�ÓHIuPlÊ PlÊND
ã=Ê?@:FQ8YB Æ Ï�DdÐ6I�Í?DUC4Î«@zÜY8:ÌEPd<EÞ®ÊNI Æ
@:Ð-P�8:É�FlD�ÕYD�F Æ D5D�B?M:I«BND�DUFQI«BNM¸I Æ*Æ ÌNÏ?Ï�8YFcPlDUC¶9oÜµÉÑÌNB?Ð6PQI«8:B Æ PQÊ?@%P*@%Î«Î�8kÓ PQÊND�ÏNFl8:MYFl@:Ë¸Ë+DUF
PQ8 Æ Ï�DUÐ6I�ÉÑÜ3@%FlFl@zÜ Ï?@:CNCNI�BNM¶@%B?C�8:ø Æ D6P Æ Ú�9oÜ¶@4Ð68YË+Ï?Î�D�PQD Æ D6P58%É�AOÌND�FlÜ4ÉÑÌNB?Ð-PlI�8YB Æ Ú�@:B?C
9OÜ�ã=Ê?@%Fl8:Bz� Æ ÌNB?@:Ë&9NI«M:Ì?8:Ì Æ Î�Ü�CND6Í?BNDdC¶Ë+DUË¸8:FlÜ�Î«@zÜY8:ÌEP®Ë¸8ECED�ÎhÖ Æ DUD�âoDUÐ6PQI«8:B õ < õ Û6<

1.365 7=t*9.@S>4C�;68S>ko6Y;69 ÐU@%B 9�D Ì Æ DUCîBN8:P�8YBNÎ«ÜwPQ8JÐ68YB Æ PlFQÌ�Ð-P3Ï?@%F"@%Î«Î«D�Î�� 9oÜoÏ?@ ÆlÆ D Æ �
8%É Æ D�FlI¯@%Î®Ð68ECED�8%É¥PQÊND��oI�B�C�CEDUË¸8:B Æ PQF"@kPlDUC @:9�8kÕYD:Ú�9NÌEP @:Î Æ 8.Pl8£Ëµ@:Ï�9�D6PLÓ�D�DUB��%ú �
PLÓ=8©Ð�8:Ë¸Ï?@%PQI«9NÎ�D4CEI Æ PQFlI«9NÌEPQI«8:B Æ Ö Æ @:Ë+D M:FlI«C�Ú�CN@%Pl@�PLÜoÏ�D:Ú�@%B?C£PlD�B Æ 8:F
Fl@:B*�NÛ-<�Þ®Ê?I Æ I Æ
Æ ÊN8kÓHB�I�Bw;�I�M�<AñEÚ�ÓHÊND�FlD4PLÓ=8 Æ PlFQI«ÏoÓHI Æ D�CEI Æ PQFlI«9NÌEPQI«8:B Æ Ú�8:B?D¶@:Î�I«M:BNDdCÈÓHI�PQÊ�PQÊND¶Í?F Æ P
Ð68o8:F"CEI«B?@kPlD¶@��oI Æ Ú�@:B?C�PQÊND�8:PQÊNDUFµÓHIuPlÊ PlÊND Æ DdÐ68YB?C�ÚA@%FlD¶Ë¸@:ÏNÏ�DUC�I�BOPQ8 Dd@:Ð"Ê 8%PQÊ?D�FdÚ
PQÊNDUFQDU9OÜ+D Æ Pl@:9NÎ«I Æ ÊNI«BNM&@�CEÜoB?@:Ë¸I«Ð�PQF"@%B Æ Ï�8 Æ I�PQI«8:B±<:Þ®ÊNI Æ I Æ Ì Æ D6ÉÑÌ?Î�ÓHÊNDUBµPQÊ?D�FlD¥@%FlDHÕ:DUFQÜ
Æ PlFQ8YBNM³9?ÌEPµË&ÌEPlÌ?@%Î«Î�Ü I�B?Ð�8:Ë¸Ï?@%PQI«9NÎ�D3CN@%Pl@ CEDUÏ�DUB?CED�B�Ð6I«D Æ I«B CEI�ørD�FlD�BOPµÏ?@%FQP Æ 8:É*PQÊ?D
Ð68ECED�ÖÑD:< M?<¤ñ ê ;�;�Þ�Û-<,m�Ü.CED�É�@%ÌNÎ�PUÚrPlÊND
Ì?BNI�Ï�@%FQPQI�PQI«8:B³CNDUÐ68YË¸Ï�8 Æ I�PQI«8:B©CNI�ÕoI¯CED Æ @%Î«Î�Ð68:Ô
8:F"CEI�B�@kPQD5CEI«FQDdÐ-PQI«8:B Æ DUÕ:D�B?Î�ÜYÚY9NÌNP�9oÜµD��NÐ�Î�Ì?CNI�BNM+Ð6DUFcP"@%I«B CEI«FQDdÐ-PQI«8:B Æ ÉÑFl8:Ë�Ï?@:FcPlIuPlI�8YBNI«BNM
Ö�14365*7=u6�SD.V�Y*@97�W*:.86;?>B;?>�F=G 7=@S>B8*9 DE;S>�F=GEÛ�Ó�D�Ð�@:B ÉÑ8YFlÐ�D�@ Æ PQFlI�ÏoÓHI Æ D�CEI Æ PQFlI�9NÌNPQI«8:B¤<

� " Ä�#Y¾o¿�Ä%$¥Â�¾&±Á�)�½¥Á���)�¿*)����%&������p&±Ã�Â�¾NÄLÀh½��®Âg�g��ÀA¿N¾

GJÊNI�Î«D�I�PAI Æ @%Bµ@:CEÕk@:BYP"@%MYD=Pl8�9�D�@:9NÎ«D®PQ8��:DUD�Ï¸Ë¸8 Æ PA8%É�@�Î�DUMY@YÐ6Ü&Ð�8oCNDHÌNB?Ð"Ê?@:BNM:DdC
@:B?C
ÉÑ8oÐ�Ì Æ 8:B©@ Æ Ë¸@:Î�Î�Ï?@:FcP�@kP�@µPQI«Ë¸D&ÉÑ8YF�Ï?@%F"@%Î«Î�DUÎ�I«ÝU@%PQI«8:B¤Ú�IuP�I Æ 8:ÉªPQDUB Æ PQI«Î�Î�BN8YBYPlFQI«ÕoI«@:Î¤Pl8
@%FlFQI«Õ:DH@kP=M:8o8EC
Ï�@%F"@%Î«Î�DUÎ?Ð68ECEDHÉÑ8YF=Ð�8:Ë¸ÏNÎ«I«ÐU@kPQDdC+BOÌ?Ë+DUFQI¯Ð�@:Î?@%Î«M:8YFQI�PQÊ?Ë Æ <Oã=Ê?@:FQ8YB¸8%ørD�F Æ
Æ ÌNÏ?Ï�8YFcP®ÉÑ8:F�PQÊNI Æ ÏNFl8oÐ�D ÆlÆ @kP®PLÓ�8+Î«D�ÕYD�Î Æ <
Þ®ÊND¶Í?F Æ PµÐ68:B�Ð6D�FlB Æ @ Æ D�Pµ8%É¥ÓHF"@%Ï?ÏNI�B?M©ÉÑÌNB�Ð-PQI«8:B Æ PQÊ?@%P @%Î«Î�8kÓ Æ Ì Æ PQ8n�YD�D�Ï�PQÊ?D

Æ DUFQI¯@%Î�Î�8YM:I¯Ð @:B?C Æ PQFlÌ?Ð-PlÌNFlD48:É�PQÊND�Î«D�MO@:Ð6Ü¦Ð�8oCND4ÌNB�Ð"Ê?@%BNMYDUC�Ú�@%Î�PQÊ?8:ÌNMYÊÈPQÊ?D¶CN@%Pl@³I Æ
PQFlÌNÎ�Ü£CEI Æ PlFQI«9NÌEPlDUC�<�Þ®ÊND Æ D¸ÉÑÌNB?Ð6PQI«8:B Æ I�B?Ð�ÌNF&@ Æ I�MYBNI�Í�Ð�@:BYP�8kÕYD�FlÊNDU@YC�Ú¤@%B�C£@:FQD¸Ë¸DU@:BOP
PQ8+9�D�FlD�Ë¸8kÕ:DdCµI�B PQÊND5Í?B�@%ÎrÕ:DUF Æ I�8YB�8%É±PQÊND�Ð68ECEDY<EÞ®ÊND�ÜµÏNFl8kÕoI«CND5@ Æ PlD�ÏNÏNI«BNM Æ PQ8:B?D¥I«B
PQÊND�Ï?@:Fl@:Î�Î«D�Î«I«ÝU@kPlI�8YB¤ÚE@%B?C4Ëµ@zÜ�9�D Æ �oI«ÏNÏ�DdC¶9OÜ�PQÊND�Ë¸8:FlD�I�BOPlFQDUÏNI«C¶ÏNFl8:MYFl@:Ë¸Ë+DUFU<
Þ®ÊND Æ DdÐ68YB?C¶I Æ @ Æ D6P�8:É�Õ:D�F Æ @kPQI«Î«D:ÚEÊNI«M:ÊNÎ«Ü 8YÏEPQI«Ë¸I�ÝUDUC�9NÌ?Î��¶Ð68:Ë¸Ë
ÌNBNI¯Ð�@kPlI�8YB¶ÉÑÌNB?Ð-Ô

PQI«8:B Æ PQÊ?@%P Æ ÌNÏNÏ�8:FQPhPlÊND¥I«Ë¸ÏNÎ«D�Ë¸D�BOPl@%PQI«8:B�8:É Æ 8YÏNÊNI Æ PlI«ÐU@kPlDUC�CN@%Pl@%Ô¢Ï?@:Fl@:Î�Î«D�Î�@%B?C4�JË¸8:FlD
I�Ë¸Ï�8:FQPl@%BOPlÎ�Ü.�JBN8:BEÔiCN@%Pl@kÔ�Ï?@:Fl@:Î�Î«D�ÎdBoÌNË¸D�FlI«ÐU@%Î%Ë¸D6PlÊN8EC Æ Ú Æ Ì�Ð"Ê�@ Æ ÏNI«Ï�DUÎ�I«BNDdC�@%Î«M:8:FlI�PQÊNË Æ <



��������������� �b  ¡ � ¢�£�  ��¤ ¥�¦b��§ ¥�¨b��© ªtranspose

transpose

����������¡ ��¥�  �����b��«b  � ¬��¤ ��¦b§ ®�¡ � ��© ª
��������¯Q��  ��£��� °�¥�¡   �   � ¬����«b£�  ��¤ ��¨b© ª��������±Q¦b«b² £�������°�¥�¡   �   � ¬������� ¡ ��«b  � ¬��¤ ��¨b§I³ © ª����������¡ ��¥�  ��������«b  � ¬��¤ ��¨b§ ®�¡ � ��© ª��������±%¦�«b² £�������°�¥�¡   �   � ¬������� ¡ ��«b  � ¬��¤ �b¦�§ ´�© ª

��������������� �b  ¡ � ¢�£�  ��¤ ¥�¨b��§ ¥�¦b��© ª

Define distributed arrays                 and perform transpose

grid

cx,cy

Define stripwise tessellations            (based on same        )

ax_,ay_

°�¡ ¬�«b���b�b¬�¡|´

Define decompositions

����������¡ ��¥�  ������� �b  ¡ � ¢�£�  � ¬��¤ ¥�¦b��§ «b¦b§ µE¶Q· ����±Q¸%¹�§ ¥�¦b§ ´�§ ³I§ º�© ª

sx,sy

��������¯%��  ��£��� °�¥�¡   �   � ¬����«�£�  �b¤ �b¦�© ª

����������¡ ��¥�  ������� ��  ¡ � ¢�£�  � ¬��¤ ¥�¨���§ «b¨b§ µE¶Q· ����±Q¸Q¹�§ ¥�¨�§ ´�§I³ § º�© ª
��������¯Q��  ��£��� °�¥�¡   �   � ¬����¬�»����¡ �b¤ «b¨�© ª����������¡ ��¥�  ��������«�¬�¼E°�¬��b�   � ¬��¤ «b¨�§ ��¨b© ª��������¯%��  ��£��� °�¥�¡   �   � ¬����¬�»����¡ �b¤ «b¦b© ª����������¡ ��¥�  ��������«b¬�¼E°�¬��b�   � ¬��¤ «b¦b§ �b¦�© ª

½¾¿À
ÁÂÂ¿¾
Ã

°�¡ ¬�«b���b�b¬�¡|Ä

°�¡ ¬�«b���b�b¬�¡�³

½¾¿À
ÁÂÂ¿¾
Å

½¾¿À
ÁÂÂ¿¾
Æ

^`_ba ��ÇN� ´?[cbU`OaiVESUai^_`O �tY^_a�Xi[L^_�OW:XLZ-t+b6[i[cb"�Ya

ÈzÉHÊ ËÍÌ�ÎÏjÏÑÐ�ÒjÓÕÔxÖxÒj×�ØkÐ�ÙSÒxÚ
ÙiB¸@ Æ D�FlI¯@%ÎEÏNFl8:MYFl@:Ë I�PhI Æ 8:9oÕoI«8:Ì Æ ÓHÊ?@%P�PQÊND Æ Pl@%PQDUË+DUBOP`:ÑÛB>�Ü�ÝÑÜQÞ?ßáàâo�ÛB>�ãäÑÜ�ÝiSå,Ü%Þ?ß
Ë+Dd@%B Æ Ú�ÏNFl8kÕoI«CEDdC}:3@:B?C}o©Ê?@zÕYD
9�D�DUB£Ï?FQ8YÏ�DUFQÎ«Ü.CEI«Ë+DUB Æ I�8YBNDUC�Ú�9?ÌEP�ÓHÊND�B£PlÊND Æ Dµ@%FQÔ
Fl@zÜ Æ @%FlD�CEI Æ PlFQI«9NÌEPlDUC3@:Ð�FQ8 ÆQÆHÆ D�ÕYD�F"@%ÎrÏNFl8EÐ6D ÆlÆ 8:F Æ PlÊND�FlD Æ ÌNÎ�P*I Æ ÏNFQ8Y9?@%9?Î�Ü�B?8%P*ÓHÊ?@%P�I Æ
D��EÏ�DdÐ-PlDUC�Ú:@:B?C
Ë+8 Æ P�Î«I��YD�Î«Ü�ÓHFl8:BNM�<zÞ®Ê?I Æ I Æ CEÌND®Pl858YBND®8%É�PQÊND�ÉÑÌNB?C?@%Ë¸D�BOPl@:Î?Ð68YË¸ÏNÎ�D��oÔ
IuPlI�D Æ 8:É¤Ë+D ÆQÆ @%MYD6Ô�Ï?@ ÆlÆ I�BNM�ÚzB?@%Ë¸D�Î«Ü+PQÊ?@%PhPlÊND*ÏNFl8:MYFl@:Ë¸Ë+DUF�I Æ FlD Æ Ï�8YB Æ I«9NÎ«DHÉÑ8:F�CED6Í�BNI�B?M
D��EÏNÎ«I«Ð�IuPlÎ�Ü£@%B?C£Ëµ@%B?@:M:I«BNM4PQÊND�CN@%Pl@3CEI Æ PQFlI�9NÌNPQI«8:B¤<�ã=Ê�@%Fl8:B Ð�@%B£FlD�Î«I�DUÕ:D+PQÊNI Æ 9NÌ?FlCEDUB
9OÜ4@%Î«Î�8kÓHI«BNM¸Ì Æ PQ8µÓHFlI�PQD5PQÊND�@:9�8kÕYD5@ ÆQÆ I«M:BNË¸D�BOP�@ Æ å
æU�EçEçÕèBékê=ëBì:�z�d���d�zíîè�éEê=ëBìEïkïz��ð%�z� íi�EëSñL� ñL�Sñ�òó*ñ�è�éEê=ëBô:�Eç�õ=ð?íHö=ëSñc��÷�øSñL�Eù.ú6ñ�ò*óEó
ÓHIuPlÊ�BN8�FlD�MY@:FlC&ÉÑ8:F=ÊN8kÓ�PQÊND5CN@kP"@�I Æ CEI Æ PQFlI«9NÌEPQDdC3Ö�@ ÆQÆ ÌNË¸I�B?M�PQÊ?@%Pû:7�@:B?CüoX7�@%FlD�CEI Æ Ô
PQFlI�9NÌNPQI«8:B Æ FlD�Î¯@kPlDUC PQ8µ@%FlFl@zÜ Æ :µ@%B�C�o�ÚEFlD Æ Ï�DdÐ-PQI«Õ:DUÎ�ÜNÛ6<NÞ®ÊND�9�DUBND6ÍNP�8:É±PlÊNI Æ ÓHFl@:ÏNÏNI«BNM
I Æ PQÊ�@kP�PQÊND®Ì Æ D�F�BNDUDUC
BN8%P�Ó�8:FlFQÜ¸ÖÑÜYD6P-Û�@:9�8YÌEPAÐ68YË+Ë
ÌNBNI¯Ð�@%PQI«8:B Æ ÚUÓHÊ?I«Ð"Ê¸@%FlDhI«Ë¸ÏNÎ�I¯Ð6I�PQÎ«Ü
I�BoÕ:8.�:DdC�9oÜ¶ã=Ê?@:FQ8YB¤ÚN@ Æ BNDUDUCEDdC�<
Þ®ÊND�PQÊ?FQDUDAÉÑÌNB?Ð6PQI«8:B Æ I«BYPlFQ8ECEÌ�Ð6DUC�ÊND�FlDAÊ?@zÕYD�PQÊNDhÉÑ8:Î«Î�8kÓHI«BNM�Ï?FQ8YÏ�DUFcPlI�D Æ <k1.365 7=ý*:6V�Y 9

I�B Æ Ï�DUÐ-P Æ PQÊND�CEI Æ PlFQI«9NÌEPlI�8YB�oX7?ÚOCND6PQDUFQË¸I«BND Æ ÓHÊNI¯Ð"Ê³Ö�ÌNBNI�AOÌNDdÛhÏNFl8oÐ�D ÆlÆ 8YFh8kÓHB Æ PQÊ?D5MYFQI¯C
Ï�8YI�BOP&PlÊ?@kP+ÊN8:Î¯C Æ PQÊND4Õk@%Î«ÌND:Ú�@%B?CÈ9NFQ8O@:CNÐU@ Æ P Æ PlÊ?@kP+Õk@%Î«ÌND�Pl8©@%Î«Î=Ï?FQ8EÐ6D ÆQÆ 8:F Æ I«BÈPQÊ?D
Ð68:Ë¸Ë
ÌNBNI¯Ð�@kPl8:F¸Ö�����þ�úrý6ü
��ý�ü�ÿzý��=��FlÌNÎ�DzÛ-<z14365 7�v@6@48*9*C6C&I«B Æ Ï�DdÐ-P Æ PQÊNDµCEI Æ PQFlI�9NÌNPQI«8:B :67
@%B?C4CED6PlD�FlË+I«BND Æ ÓHÊNI«Ð"Ê4ÏNFl8oÐ�D ÆlÆ 8YF=8kÓHB Æ PlÊND�M:FlI«C Ï�8YI�BOP®PQÊ?@%PHÊN8:Î¯C Æ PQÊND�Õk@%Î«ÌNDY<EÙ�É±PQÊ?D
Ð�@%Î«Î«I�BNM4ÏNFl8oÐ�D ÆlÆ 8YF*I Æ PlÊND¸8kÓHBND�FdÚNPlÊNDµ@:Ð6PQÌ?@:Î�@YCNCEFlD ÆlÆ � @%B � ÿ������?ý��JI Æ FQD�PQÌNFlBNDUC¤Ú�@:B?C
5 � w6w+8%PlÊND�FlÓHI Æ D��%<614365 7=vXC6C>E<4G Æ Pl8:FlD Æ PQÊND�Õk@%Î«ÌND58%É±I�P Æ®Æ DUÐ�8:B?C4@%FlM:ÌNË¸D�BOP®@kP�PQÊND�@:CEÔ
CEFQD ÆQÆ I«B PQÊ?DµÍ?F Æ P&@:FQMYÌNË¸D�BOP Ð�� PlÊND @:C?CEFQD ÆQÆ I Æ BN8:P05 � w6w�<�ã=8:B Æ DkAYÌ?D�BOPQÎ«Ü:Ú¤8YBNÎ«Ü.PQÊ?D
Ï�8YI�BOP�8kÓHBNDUF�8:É±PlÊND�Î�D�ÉªP�Ê?@%B�C Æ I¯CED�8%É�PQÊND�@ ÆQÆ I�MYBNË¸D�BOP Æ Pl8:FlD Æ PQÊND�Õk@:Î�ÌNDµÖ%����þ�ú�ý�ü��E���
�"ù�/:ú*�.�:FlÌNÎ�DzÛ-<4��8�CEI Æ PlI�B�Ð-PQI«8:B I Æ Ëµ@YCED�9�D6PLÓ�D�D�BµÕk@:Î�ÌND Æ 8:9NPl@%I«BNDdC+PQÊNFl8:ÌNMYÊ 1.365 7=ý*:6V�Y 9
@%B?CµÎ«8EÐ�@:Î�Õk@%Î«ÌND Æ ÚO8:F�D��EÏNFlD ÆlÆ I«8:B Æ Ð68YBYP"@%I«BNI«BNM
Ð�8:Ë&9?I�B?@%PQI«8:B Æ 8%É¤Dd@:Ð"Êz{o@%Î«Î�@:FQD&ü�ÿE��� �?ý��-<
âoI�Ë¸I«Î«@:FQÎ«Ü:ÚhBN8ÈCEI Æ PlI�B?Ð6PQI«8:BJI Æ Ëµ@:CED39�D6PLÓ�D�DUBwÎ�8EÐ�@:Î*@:C?CEFQD ÆQÆ D Æ @:B?C�PQÊN8 Æ D38Y9EPl@:I�BNDdC
� ¹¢`¶qOSU[iXi[cb�`¶[LZlXLWY[L`¶�db�suWYZ"a�]-bU`Y`OS�X¥�EZ5WOaiZ-t�b�a¥s_�UbUs_WOZla"m��YWYXHXLjO^_a�VY[LSU�Os_Z"T�^_a*Z-bUai^_s²��]"^²[i�
]"WOT¥�zZ"`kXLZ-tNmkai^_`O]"ZHXLjOZ®bdtOt%[LZ"aiaA^_ah^_T�T�Z-t:^ub�XLZ"s²�&Vob�aiaiZ-t
XLS�b�R¦�«WO`O]QXL^uSU`�¬



PQÊNFl8:ÌNMYÊ�14365 7=v6@6@48*9 C4CE<:á*D�B?Ð�D:ÚEPlÊND�ÉÑ8:Î«Î«8kÓHI�BNM¸@ ÆlÆ I�MYBNË¸D�BOP Æ @:FQD�@%Î«Î¤Î«D�M:I�PQI«Ëµ@kPlD:å
æd�EçEç}èBéEê=ëBì%�z�z���d�,íîèBéEê=ë�ìEïEïz��ðk�z�Xíi�EëXñL�XñL�Sñ�ò6ó ñ��r�
	.ó �Qú
æd�EçEç}èBéEê=ëBì%�z�z���d�,íi��õ�,ñ|èBéEê=ë�ô%�Eç�õ�ð?í�ö=ëSñc�Xñi�kù4úñ�òó�÷6úE�
	.ó �|ø
��õ���ÕèBéEê=ë�ô%�Eç�õ�ð?í�ö=ëSñL�Xñ��Eù.úñ�ò6ó�÷4úN�
	 ���

Ù�P Æ Ê?8:ÌNÎ¯C 9�D48:9 Æ D�FlÕ:DdC.PlÊ?@kP+@ ÆlÆ I«M:BNË¸DUBYP Æ ñ3@:B?C õ @%FlDµDBAOÌNI«Õk@%Î«D�BOPU< Å B¦I«Ë+Ï�8:FQPl@:BOP
ÉÑDU@kPlÌNFlDH8%ÉrÓHFl@:ÏNÏ�DdC
Ð�8ECEDHI Æ PQÊ?@%PAIuPhI Æ Ð68YË¸ÏNÎ�D�PQDUÎ�Ü Æ DUFQI¯@%Î«I�ÝUDUC�< Å Î�Î�ÏNFl8oÐ�D ÆlÆ 8YF Æ D��EDdÐ6ÌEPlD
PQÊND Æ @%Ë¸D Æ P"@kPQDUË¸D�BOP Æ ÚE@%B?C4ÓHÊND�B?D�Õ:DUFH@%B DUÎ�DUË¸D�BOPH8%É�@¸CEI Æ PQFlI�9NÌNPQDUC¶@%FlF"@zÜ
8EÐ�Ð�ÌNF Æ 8YB
PQÊNDHFlI�MYÊOP�Ê�@%B?C Æ I¯CED®8%É�@%B¸@ ÆlÆ I�MYBNË¸D�BOPUÚkI�P�I Æ 9?FQ8O@:CNÐU@ Æ PU< Å*Æ @5FlD Æ ÌNÎuPdÚkIuPAI Æ MYÌ?@%F"@%BOPQDUDUC
PQ8µÊ?@zÕYD*PlÊND�Ð68YFQFlDUÐ6P Æ D�FlI«@:Î�Î�8YM:I¯Ð*8:É�PlÊND�Î«D�MY@YÐ6Ü�Ð�8oCND:<

ÈzÉ�� �üÖ�������Ù����}ÖjÒxÐH×=ÎØkÐ�ÙSÒxÚ

Þ®ÊND�Ï�D�FQÉÑ8:FlË¸@:B?Ð6D¸8:É®ÓHF"@%Ï?Ï�DdC£Ð�8ECED�Ð�@:B£9�D�I«Ë¸ÏNFQ8kÕYDUC£9oÜ©FlD�Ë¸8kÕoI�B?M4PlÊND�BNDUDUC£ÉÑ8YF
PQÊND�Õ:DUFQÜ£Í?B?D6Ô�M:F"@%I«BNDUC�Ú�I«Ë¸ÏNÎ�I¯Ð6I�PQÎ«ÜÈI«BoÕ:8=�YDUCÈÐ�8:Ë¸Ë&Ì?BNI«ÐU@kPlI�8YB Æ Ú�@:B?CÈFlD�ÏNÎ¯@:Ð�I�B?M.PQÊ?D�Ë
ÓHIuPlÊ D��EÏNÎ�I¯Ð6I�PQÎ«ÜÈI«BoÕ:8=�YDUC 9NÌNÎb� Ð68YË+Ë
ÌNBNI¯Ð�@%PQI«8:B Æ <�GJIuPlÊNI�B Æ PQFlÌ?Ð-PlÌNFlDUCoÔ�M:FlI«C�@%ÏNÏ?Î�I¯Ð�@%Ô
PQI«8:B Æ PlÊND�BND�DdC�ÉÑ8YF�B?8:BEÔ�Î�8EÐU@%Î�CN@kP"@&I Æ 8%ÉªPlD�B¶Î�I«Ë¸IuPlDUC4PQ83Ö Æ Ï?@%PQI¯@%Î«Î�ÜNÛhBNDU@:FQD Æ PQÔ¢B?D�I«M:Êo9�8YF
Ð68:Ë¸Ë
ÌNBNI¯Ð�@kPlI�8YBz{ Æ PQD�B�Ð6I«Î¤8:Ï�D�F"@kPlI�8YB Æ Ð�@%B�Ì Æ Ì?@:Î�Î«Ü�9�D�Ð�@%FlFlI�DdC 8YÌEPHÓHIuPlÊN8:ÌEP5@%BoÜ Ð68YË+Ô
Ë&ÌNBNI¯Ð�@%PQI«8:B¤Ú�ÏNFl8kÕoI«CEDdC.@�9�8:F"CEDUF*8%ÉAMYÊN8 Æ P¥Ï�8:I«BOP Æ Ö Æ D�D¸;�I�M�<�ædC?ÛHI Æ Í?Î�Î«DUC.ÓHIuPlÊ³@%FlF"@zÜ
Õz@:Î�Ì?D Æ ÉÑFl8:Ë BNDUI�MYÊo9�8YFQI«BNM�Ð6DUÎ�Î Æ <YÞ®ÊNI Æ Í�Î�Î�8:Ï�D�F"@kPlI�8YBµI Æ ÏNFQ8kÕoI¯CEDUC¸9oÜ 14365*7.1F=W�� �: D=9 CoÚ
ÓHÊNI«Ð"Ê Î«D6P Æ PQÊND ÏNFQ8YM:F"@%Ë¸Ë¸D�F Æ Ï�DdÐ6I�ÉÑÜ©D��N@YÐ-PQÎ«Ü©ÓHÊ?I«Ð"Ê M:Ê?8 Æ P�Ï�8:I«BOP Æ Pl83ÌNÏrCN@kPlD:<�Þ®Ê?D
ÉÑÌNB?Ð-PlI�8YB¶Pl@��YD Æ PlÊND�ÉÑ8:Î«Î�8kÓHI«BNM¸@%FlM:ÌNË¸DUBYP Æ å

! PQÊND
PQÊ?I«Ð��oBND ÆQÆ 8%ÉAÎ¯@zÜ:D�F¥8%ÉAMYÊN8 Æ P*Ï�8:I«BYP Æ Pl8 9�D
Ð�8:ÏNI«DUC,{�PQÊ?I Æ Ð�@:B39�D¸@kP5Ë¸8 Æ P*PQÊ?DBoÌNË&9�D�F�8:É�MYÊN8 Æ PHÏ�8YI�BOP ÆHÆ Ï�DUÐ6I�Í?DdC4I«B¶PQÊND�CND6Í?BNI�PQI«8:B�8:É�PlÊND2�kù��-ÿ¢ü-ù � �Eÿ¢ù��kú�Ú
! PQÊND�Ð�8:Ë¸Ï�8:BNDUBYP Æ 8%É�PQÊND�PlD�B Æ 8:F�Pl8µ9�D�Ð�8:ÏNI«DUC�<N;?8:FHD��E@:Ë¸ÏNÎ�DYÚoPQÊND�Ì Æ DUFHË¸@zÜ ÓHI Æ Ê8:BNÎ«ÜµPl8¸PQF"@%B Æ ÉÑD�F�PQÊ?D�CEI«@:M:8YB?@%Î�DUÎ�DUË+DUBOP Æ 8%É�@+Ëµ@kPQFlI��rÚ
! PQÊND�Ð�8o8:F"CEI�B�@kPQD�CEI«FlDUÐ-PlI�8YB4I«B�ÓHÊNI¯Ð"Ê PlÊND�Ð68YÏOÜoI«BNM+Pl@=�:D Æ ÏNÎ¯@:Ð�D:Ú
! PQÊND Æ DBAOÌNDUB?Ð6D®BoÌNË
9�DUF�8%É�PQÊNDHÐ6ÌNP*Ö�CED�Í?BNDUC+I«B+PQÊND ��ý"û6ÿ¢ù��kú�Û�@:Ð�FQ8 ÆQÆ ÓHÊNI¯Ð"Ê¸Ð68:ÏoÜoI«BNMPl@=�:D Æ Ï?Î«@YÐ6D:Ú
! PQÊND�FlDUÐ6Pl@:BNM:ÌNÎ¯@%F Æ ÌN9 Æ D6PH8%É�Ï�8:I«BYP Æ ÓHIuPlÊNI«B�PQÊND�Ð�ÌEPHPQ8¸9�D�Ð68:Ï?I�DdC�<

ÙiB M:DUBND�F"@%Î¢Ú=@:Î�Î5ÏNFl8oÐ�D ÆlÆ 8YF Æ ÓHIuPlÊNI�B PQÊND£M:FlI«Cz� Æ ×.ØAÙ�Ð�8:Ë¸Ë&ÌNB?I«ÐU@kPQ8YF D��oDdÐ6ÌEPlD}14365 7
16F=W����:*D=9 CEÚ±9NÌNP+PlÊN8 Æ D¶PQÊ?@%P CE8 BN8%Pµ8kÓHB Ï�8YI�BOP Æ I�BoÕ:8YÎ�ÕYDUC I�B�PQÊND38YÏ�DUFl@%PQI«8:B�Ë¸@zÜ
Æ @%ÉÑD�Î«Ü Æ �oI�ÏwPlÊND³ÐU@%Î«Î�< Å Ì Æ D6ÉÑÌNÎ¥Õk@%FlI«@%PQI«8:BJI Æ 14365*7.1F=W�� �: D=9 C=74:V4VNÚ�ÓHÊNI¯Ð"ÊwÍ?Î�Î Æ @:Î�Î
M:ÊN8 Æ P�Ï�8:I«BYP Æ 8%É=PQÊND�CNI Æ PQFlI�9?ÌEPQI«8:B I«B @:Î�ÎAÐ�8o8:F"CEI�B�@kPQDµCEI«FlDUÐ-PlI�8YB Æ <�Ù�P�I Æ PlÊNDµÕk@%FlI«@%PQI«8:B
Ë+8 Æ P�Ð68YË¸Ë+8YBNÎ«Ü5DUB?Ð68YÌNBOPQDUFQDdC�I«B&8%PlÊND�F�Ï?@:Fl@:Î�Î«D�Î«I�Ýd@kPlI�8YB�Ï?@:Ð��k@:M:D Æ ÉÑ8:F Æ PQFlÌ?Ð-PlÌNFQDdCoÔ�M:FlI«C
@%ÏNÏNÎ«I¯Ð�@kPlI�8YB Æ Ú Æ I«B?Ð�D�IuP®Ð68YBOÕYD�BNI«D�BOPlÎ�Ü Æ ÌNÏ?Ï�8YFcP Æ CN@kP"@�Ï?@:Fl@:Î�Î«D�Î?Ð�8:Ë¸ÏNÌEP"@kPlI�8YB Æ <.m=ÌNP=I�PhI Æ
BN8%P Æ ÌT�Ð6I«D�BOP®PQ8µI«Ë¸ÏNÎ�DUË¸D�BOPUÚEÉÑ8YFHD��N@%Ë¸ÏNÎ«D:ÚoPlÊND�ÏNI«Ï�DUÎ�I«BND&@:Î�MY8:FlIuPlÊNË�8%ÉAâoDdÐ-PQI«8:B ó <²ñE<
Þ®ÊND�FQDUË¸@:I�B?I�BNM+PLÓ�8¸9NÌNÎb� Ð68YË+Ë
ÌNBNI¯Ð�@%PQI«8:B Æ ÏNFl8kÕoI«CNDUC49OÜ�ã=Ê?@%Fl8:B¶@%FlD¥PlÊND�ÏNFlD�ÕoI�Ô

8:Ì Æ Î�Ü5CED Æ Ð6FlI«9�DdC�1.365 7=t*9.@S>4C�;68S>ko6Y;*9NÚc@:B?C�14365*7#"9.;6;S>=V49�<lÞ®Ê?DAÎ«@%PcPlD�F±Ð�8:ÏNI«D Æ @ Æ ÌN9 Æ D�P
8%É?@�CEI Æ PQFlI�9NÌNPQDUC
@%FlFl@zÜ.�JÓHÊNI¯Ð"Ê¥Ëµ@zÜ59�D=8kÓHBNDUC�9oÜ Æ DUÕ:DUFl@:Î%ÏNFl8oÐ�D ÆlÆ 8YF Æ �JI�BOPQ8�PlÊND=Î«8EÐ�@:Î
Ë+DUË¸8:FlÜ�8%ÉA@ Æ Ï�DUÐ�IuÍ�DUC�ÏNFl8EÐ6D ÆlÆ 8:F�Ö�Ð6ÉL<�ö5Î«8:9?@:Î Å FlFl@zÜ Æ �<:7=<*9.; ç æd÷ é Û-<NÞ®ÊNI Æ I Æ Ì Æ D6ÉÑÌNÎ
ÉÑ8:F®@%ÏNÏNÎ«I¯Ð�@kPlI�8YB Æ PlÊ?@kP®Ê?@zÕYD�BN8:BNÔ¢BNDd@%FlD Æ PcÔ�BND�I«M:Êo9�8:FAFlD�Ë¸8:PQD¥C?@kPl@
CED�Ï�D�B�CED�B?Ð�I�D Æ Ú Æ Ì?Ð"Ê
@ Æ BN8YBEÔ¢Î«8EÐ�@:Î�9�8:Ì?B?CN@%FlÜ Ð�8:B?CEI�PQI«8:B Æ ÉÑ8:F 	?8kÓîÏNFQ8Y9NÎ«D�Ë Æ <



ÈzÉ�È $ ÎÌ�Î%����&'�HÐ�(.Ð�ÒjÓ*)�Ð�ÚBØ�Ì�Ð�+jÖxØ�& ,-��Ù.,�&0/1&6Ó���&4Ò?ØkÚ
ß B?Ð6D¸PlÊND FlD�Ë¸8%PlD6ÔiCN@kP"@�CED�Ëµ@%B�C Ê?@ Æ 9�D�DUB Æ @kPQI Æ Í?DUC³PQÊ?FQ8YÌNM:Ê£PQÊ?D�9NÌNÎb�£Ð�8:ÏoÜoI�B?M38%É
M:ÊN8 Æ P�Ï�8YI�BOP®Õz@:Î�Ì?D Æ ÚYPlÊND5ÏNFQ8YM:F"@%Ë¸Ë¸D�FhÐU@%B4I�B Æ PQFlÌ?Ð6P�ã=Ê?@:FQ8YB¸PQ8 Æ Ì?ÏNÏNFlD ÆlÆ 9NFl8Y@YCNÐ�@ Æ P Æ
9OÜ
CEDUÐ�Î«@:FQI«BNM�@ Æ DdÐ-PQI«8:B+8%É�PQÊND�Ð�8ECED����dû�����Ö Æ DUD®9�DUÎ�8kÓ*Û6<%GJIuPlÊNI«B¸@�Î«8EÐ�@:Î Æ DdÐ-PQI«8:B+BN8:P�@:Î�Î
Ð68ECED Æ Ê?8:ÌNÎ¯C 9�D�D��EDdÐ6ÌEPlDUC¶@%BoÜoË+8YFQD59oÜ @%Î«Î�ÏNFl8EÐ6D ÆlÆ 8:F Æ Ú Æ I«B?Ð�D�@ ÆQÆ I«M:BNË¸D�BOP Æ Pl8¸Ï�8YI�BOP Æ
BN8%PH8kÓHBNDdC 9oÜµPlÊND�Ð�@:Î�Î«I�B?M+Ï?FQ8EÐ6D ÆQÆ 8:F�ÓHI«Î�Î¤Ì Æ Ì?@:Î�Î«Ü�FlDBAOÌNI«FQD5FlD�Ë¸8%PlD�C?@kPl@+BN8:P�ÏNFlD Æ D�BOP
8:B�PlÊ?@kPAÐU@%Î«Î�I«BNM5ÏNFQ8EÐ�D ÆlÆ 8YFB{UPQÊNDHÐ�8oCND=Ë
Ì Æ P�9�D®FQD Æ PlFQÌ?Ð6PQÌNFlDUC�PQ85FQD Æ PlFQI¯Ð-P�PQÊ?D�I«B?CED�� Æ D6P Æ
8%ÉrÎ�8o8:Ï Æ 8kÕ:D�FHÖ�Ï?@%FQP Æ 8:ÉlÛ�PQÊ?DHM:FlI«C�<%Þ®Ê?I Æ I Æ PlÊND�@:Ð6PQÌ?@:ÎNÏNFl8oÐ�D ÆlÆ 8%ÉrÏ?@%F"@%Î«Î�DUÎ�I«ÝU@%PQI«8:B¤Úk@:B?C
IuP�I Æ Î«D6ÉªP�PQ8 PQÊND+ÏNFl8:M:F"@%Ë¸Ë¸D�Fd<NÙ�P�I Æ 8%ÉªPlD�B£Ð68:B�Ð6D�ÏNPQÌ?@:Î�Î«Ü Æ I«Ë¸ÏNÎ�D
ÉÑ8:F Æ PQFlÌ?Ð-PlÌNFQDdCoÔ�M:FlI«C
Ð68ECED Æ Ú:9?ÌEP=PlÊND*9�8o8=�6�:DUD�ÏNI«BNM�Ëµ@%PcPQDUF Æ 8%É±Ð"Ê?@:BNM:I«BNM�@:Î�ÎrCN@kP"@ Æ PQFlÌ?Ð-PlÌNFQD Æ @%P=8:B�Ð6D�Ê?@zÕYD
PQF"@:CEI�PQI«8:B?@:Î�Î«Ü3Ê?@:Ë+Ï�D�FlDUC Æ Ì?Ð"Ê£Ï?@%F"@%Î«Î�DUÎ�I«ÝU@%PQI«8:B¤<rÞ®ÊND�@YCEÕk@%BOPl@:M:D+8%É=Ì Æ I«BNM©ã=Ê?@%Fl8:B³I Æ
PQÊ?@%P�PQÊNDµFlD Æ PQFlÌ?Ð-PlÌNFlI�BNM¶ÉÑ8EÐ6Ì Æ D Æ 8:B Æ Ëµ@:Î�Î Æ D�MYË+DUBOP Æ 8%É�PQÊ?D�Ð68ECEDµ@kP&@:BOÜ©8:BND+PQI«Ë¸D:Ú
@%B?C&PQÊ?@%P�PQÊND Æ Pl@:FcPlI�BNM�Ï�8:I«BOP�I Æ Ð68ECED®PlÊ?@kPA@:Î�FlDU@YCEÜ�D��EDUÐ�ÌEPQD Æ Ð68YFQFlDUÐ6PQÎ«Ü�8:B¸CEI Æ PQFlI«9NÌEPQDdC
CN@kP"@ Æ D6P Æ <kÞ®ÊND®Ï?@:Fl@:Î�Î«D�Î«I�Ýd@kPlI�8YB�8%É�@¥Î«8O8YÏ&BND Æ P�PLÜoÏNI¯Ð�@:Î�Î«Ü�I�BoÕY8:Î«Õ:D Æ PQÊ?D=ÉÑ8YÎ�Î«8kÓHI«BNM Æ PQDUÏ Æ <
æ:< ê D�PQDUFQË¸I«BND�PQÊND�8YFlCND�F®I�B¶ÓHÊNI¯Ð"Ê�M:FlI«C4Ð6D�Î«Î ÆHÆ ÊN8YÌNÎ¯C 9�D�ÕoI Æ IuPlDUC4PQ8¸FlD Æ 8:Î«Õ:D5@%Î«Î¤CN@kP"@
CED�Ï�D�B�CED�B?Ð�I�D Æ I«BµPQÊ?DHPl@:FQMYD6PAÏ?@:Fl@:Î�Î«D�Î?Ð�8ECED:<O;N8:FhD��N@%Ë¸ÏNÎ«D:Ú:CNÌNFQI«BNM�PlÊND32?Ô Æ Ó=DUD�ÏµI«B
PQÊND�âEØÈÐ�8ECED¥CED Æ Ð�FQI«9�DUCµI«B4âoDdÐ-PQI«8:B ó <«æ&Ö�;�I«M?< õ Û6ÚOÐ�D�Î«Î Æ @%FlD*ÕoI Æ I�PQDUC�Î«@zÜYD�FA9oÜ¸Î«@zÜYD�FdÚ
Ëµ@%F"Ð"ÊNI�B?M+I«B¶PQÊND�Ï�8 Æ I�PQI«Õ:D42NÔiCEI«FQDdÐ-PQI«8:B±<NÙiB¶PQÊNI Æ�Æ PQD�Ï3@:Î�Î�ÏNFl8EÐ6D ÆQÆ 8:F Æ=Æ PQI«Î«Î¤ÕoI Æ IuP*@:Î�Î
Ð6DUÎ�Î Æ Ú�@%B?C£BN83D��oÏ?Î�I¯Ð6I�P
Ð68YË¸Ë&ÌNBNI¯Ð�@%PQI«8:B Æ @:FQD¸FlDBAOÌNI«FQDdC�ÚrPQÊ�@%B*� Æ Pl8�PQÊND�ÓHF"@%Ï?Ï�DUF
ÉÑÌNB?Ð6PQI«8:B Æ <OÞ®Ê?I Æ=Æ PlD�Ï�I ÆhÆ ÌNÏNÏ�8:FQPQDdC¸9OÜ
AOÌND�FlÜ
ÉÑÌNB?Ð-PlI�8YB Æ PQÊ?@%P=FlD6PQÌ?FQB+PQÊ?D*BoÌNË&9�D�F
8%É¤Ð6DUÎ�Î Æ I«B�@�Ï?@:FcPlI«Ð�ÌNÎ¯@%FAÐ68o8YFlCEI«B?@%PQD�CEI«FQDdÐ-PlI�8YB¤ÚY@:B?Cµ@%Î Æ 8�PlÊND Æ Pl@:FcPlI�BNM�@:B?C¸D�B�CEI�B?M
M:FlI«C4I«B?CEI¯Ð6D Æ 8%É±PlÊND�Ð6DUÎ�Î Æ Ö�Ì Æ D�ÉÑÌNÎ�ÉÑ8YF�Ð68:Ë¸ÏNÌNPQI«BNM¸Î�8o8:Ï�9�8:ÌNB�C Æ Û6<

ñE<H;�I�Î«ÎEM:ÊN8 Æ P�Ï�8YI�BOPACN@%Pl@�I«B¸@:CEÕk@%B�Ð6D:<zÙ�ÉNPlÊND®Î�8o8YÏ&I Æ Ð�8:Ë¸ÏNÎ«D6PlD�Î«Ü�CN@kP"@�Ï?@:Fl@:Î�Î«D�Î¢Úk@ Æ I�BEÔ
M:Î«D
ÐU@%Î«Î±Pl8�14365 7=1F=W����6: D=9 C�8:F 14365 7.16F=W����:*D=9 C.74:6V6V�9�D�ÉÑ8:FlD&DUBYPlD�FlI�B?M�PQÊ?D&Î«8O8YÏ
I Æ Ì Æ Ì?@:Î�Î«Ü Æ Ì*TµÐ�I�DUBOP
Pl8©Í?Î«Î®M:ÊN8 Æ P¸Ï�8:I«BYP¸Õk@%Î«ÌND Æ <�Ù�É¥@³BN8:BEÔ¢PQFlI«ÕOI¯@%Î®CN@%Pl@£CED�Ï�D�BEÔ
CED�B�Ð6D*D��EI Æ P Æ Ú%PlÊND�B�Ë
ÌNÎ�PQI«ÏNÎ�D5Ð�@:Î�Î Æ Pl8�14365*7.1F=W�� �: D=9 C®@:FQD�Ì Æ Ì?@:Î�Î«Ü+FQDkAYÌ?I�FlDUC�<O;N8YF
D��N@%Ë¸ÏNÎ«D:Ú�I�B PlÊND52?Ô Æ Ó�D�D�Ï¦I«B PQÊ?D¶âEØ Ð�8oCND214345 7.1F=W ���: D=9*C¸I Æ Ð�@:Î�Î«DUC 9�D6PLÓ�D�DUB
DU@YÐ"Ê Î¯@zÜ:D�F�8%É�Ð6D�Î«Î Æ < Å P®PQÊ?I ÆHÆ Pl@:M:D¥@:Î�Î�Ï?FQ8EÐ6D ÆQÆ 8:F ÆhÆ PQI«Î«Î�D��EDUÐ�ÌEPQD�@%Î«Î Æ P"@kPQDUË¸D�BOP Æ I«B
PQÊND4Î�8o8YÏ£B?D Æ PUÚ Æ 83PlÊ?@kP�PlÊND�Ü Ð�@:B¦Ï?@%FQPQI¯Ð6I«Ï?@%PQDµI«B¦9NFQ8O@:CNÐU@ Æ P Æ 8:É�CN@kP"@�BN8%P&FlD Æ I�Ô
CED�BOP�8YB³PlÊND�Ð�@:Î�Î«I«BNM�ÏNFQ8EÐ�D ÆlÆ 8YFU<�á�8kÓ�D�ÕYD�FdÚrÓHÊND�BNDUÕ:DUF�IuP�I Æ @¶M:ÊN8 Æ P�Ï�8:I«BOP�Õz@:Î�Ì?D
PQÊ?@%P5I Æ FQDkAYÌ?I�FlDUC�Ú�IuP5I Æ�Æ D�FlÕ:DdC49oÜ¶PQÊ?D
ÏNFl8EÐ6D ÆQÆ 8:FHPlÊ?@kP58kÓHB Æ IuPdÚ�F"@kPlÊND�F*PQÊ?@:B.PQÊ?D
ÏNFl8oÐ�D ÆlÆ 8YF5PQÊ?@%P�8kÓHB Æ PQÊND�Ð�D�Î«Î�PQÊ?@%P�Ê?@ Æ PlÊ?@kP�Ï�8:I«BOP&@ Æ @%B£I«BYPlD�FlI�8YF�Ï�8YI�BOPU<�Þ®ÊNI Æ
Æ DUD�Ë¸I«BNM+@:Ë&9NI«M:Ì?IuPLÜ¸I Æ FlD Æ 8:Î«Õ:DdC¸9oÜµÏNÎ«@YÐ6I«BNM¸Ð�@%Î«Î Æ Pl8ü14365 76 9.<?>kG 7=<'7 F CE; 7.: D4D�9 C.C
@%B?Cü14365*7=u4G*@*7�<'7 F C�;*74:*D6D�9*C6CA@%Fl8:ÌNB?C�PQÊNDHÐ�8oCNDhPlÊ?@kPA@:ÐUÐ6D ÆQÆ D Æ M:ÊN8 Æ P�Ï�8:I«BYP�CN@%Pl@NÚ
ÓHÊNI¯Ð"Ê Æ Ï�DUÐ6I�ÉÑÜ�PlÊND�I«B?CED��48%É�PQÊND�Ð�D�Î«Î�ÓHÊN8 Æ D�M:ÊN8 Æ PHÏ�8:I«BYP Æ�Æ ÊN8:ÌNÎ¯C49�D�Ì Æ DUC¤<

õ <�âoÌNÏNÏ?FQD ÆQÆ 9NFQ8O@:CNÐU@ Æ P Æ <�Þ®ÊNI Æ I Æ @:ÐUÐ68:Ë¸ÏNÎ«I Æ ÊNDdC 9OÜ Ì Æ I�B?MwPQÊND�9NFl@YÐ��:D�PQI«BNMJÐ68:BNÔ
Æ PlFQÌ�Ð-P�1.365 786 9=<?>kGX76V.F D=:V 9�1.345*7=u4G6@*74V.F D�:V�Pl84DUB?Ð6Î«8 Æ D�PlÊNDµÐ68ECED
PQÊ?@%P�@:Ð�Ð�D ÆlÆ D Æ
D�Î«D�Ë¸D�BOP Æ 8%É�CEI Æ PQFlI«9NÌEPQDdC�@%FlFl@zÜ Æ <O;?8:FHD��N@:Ë+Ï?Î�DYå
æd�kçEçÕèBéEê�ë;:�ðd�:�-�=ëEçz��æU�EçSí�<>=@?këkèA;<B<=ë;C@A;DEBF6ó
æd�kçEçÕèBéEê�ëBì:�z�z�6�d�zíîèBékê=ëBìEïEïd��ð%�z�Xí��EëSñL��ó ñ|èBéEê.ë�ô:�kçBõ�ð?íHö=ë?ñi�B÷4úEó�ùkè�éEê.ë�ô:�EçBõ�ð?íHö.ëSñL�Bù.úEóEó
æd�kçEçÕèBéEê�ë;Gz��ï�ëkçz��æd�EçXí�<>=#?këBèA;<><=ëHC@A;D>E>Fó
Å PhPlÊND Æ @%Ë¸DHPQI«Ë¸D:Ú:PQÊND¥ÏNFQ8YM:F"@%Ë¸Ë¸D�F�FlD Æ PQFlI«Ð6P Æ @YÐ�Ð�D ÆlÆ I«BNM�Î«Õz@:Î�Ì?D Æ Pl8�Ï�8YI�BOP Æ @:Ð6PQÌEÔ
@%Î«Î�Ü&8kÓHBNDUC&9OÜ�PQÊND�ÐU@%Î«Î�I«BNM5ÏNFQ8EÐ�D ÆlÆ 8YFU<kÞ®ÊNI Æ I Æ�Æ ÌNÏNÏ�8:FQPQDdC&9oÜ�PlÊNDpAOÌND�FlÜ�ÉÑÌNB?Ð6PQI«8:B Æ
14345 7=r*FX>BG; 74F=l4G 9.8
@:B?C�14345 7.19V4V674F=l6G*9.8rÚ:ÓHÊ?I«Ð"Ê�FlD6PQÌ?FQB�PlÊND&×.ØhÙ=F"@%B*�48%É�PQÊ?D
ÏNFl8oÐ�D ÆlÆ 8YF�PQÊ?@%P�8kÓHB Æ PQÊND�Ï�8:I«BOP*@%B?C PQÊND�MYFQI¯C¶Ð6D�Î«Î¢ÚNFQD Æ Ï�DUÐ6PQI«Õ:DUÎ�ÜY<



ß B?Ð6D
PQÊNDµÐ�8oCND Æ D�MYË¸D�BOP5I Æ ÉÑÌNÎ«Î�Ü©Ï?@%F"@%Î«Î�DUÎ�I«Ý�DdC�Ú�PQÊND¸ÏNFl8:MYFl@:Ë¸Ë+DUF5ÐU@%B Æ PlFQI«Ï Æ PQÊ?D
ÓHFl@:ÏNÏ�DUF Æ PQ8�8Y9EPl@:I�B©PQÊND
Í?B?@:Î�Ú�ÊNI«M:ÊNÔ¢Ï�D�FQÉÑ8:FlËµ@%B?Ð�D
Ð68ECEDY<¤âOPQFlI�Ï?ÏNI�B?M4D�ø�DdÐ-PQI«Õ:DUÎ�Ü³Ð68:BNÔ
Æ I Æ P Æ 8%É�PlFl@:B Æ Î¯@kPlI�B?M+MYÎ�8Y9?@%Î�MYFQI¯C�Ð68o8:F"CEI«B?@kPlD Æ I«BOPQ8�Î«8EÐ�@%Î�@%FlFl@zÜµI«B?CEI¯Ð6D Æ Ú?@µÐ"Ê?8:FlD�PQÊ?@%P
I Æ @:MY@%I«B&Dd@ Æ I�Î«Ü&@YÐ�Ð68YË¸ÏNÎ�I Æ ÊNDUC�Ú%CNÌND�PQ8&ã=Ê?@%Fl8:B�� Æ PQF"@%B Æ Ï?@:FQDUBOP�Ë¸D�Ë¸8YFQÜ�Î¯@zÜ:8YÌEP�Ë+8ECEDUÎ�<
m=Ü³CED6É�@:ÌNÎuPdÚ¤@%Î«Î Æ Ì?9?@%FlFl@zÜ Æ 8%ÉhPlÊNDµCEI Æ PlFQI«9NÌEPlI�8YB£@ ÆQÆ 8EÐ6I¯@kPQDdC.ÓHI�PQÊ£I�B�CEI�ÕoI¯CEÌ?@:ÎAÐ6D�Î«Î Æ 8%É
PQÊND
M:FlI«C3@:FQD�CEI«Ë¸D�B Æ I«8:BNDdC�I«CEDUBOPQI¯Ð�@%Î«Î«Ü:Úr@%B?C¶PlÊND Æ D&CEI«Ë¸D�B Æ I�8YB Æ ÐU@%B39�D
Ð�8:Ë¸ÏNÌEPlDUC3I«B
@:CEÕk@%B�Ð6D:Ú�8YF¸8:9EP"@%I«BNDUC PQÊNFl8:Ì?M:ÊeAOÌNDUFQÜ ÉÑÌ?B?Ð-PlI�8YB Æ <=;N8:F¸D��E@:Ë¸ÏNÎ�DYÚA@ ÆlÆ Ì?Ë+D4PQÊ�@kPµPQÊ?D
BOÌ?Ë&9�D�F58%ÉAÐ6DUÎ�Î Æ 8kÓHB?DUC�9oÜ4Dd@:Ð"Ê3ÏNFl8EÐ6D ÆQÆ 8:F�I Æ G�h?:.�rÚEPQÊ?D
CEI«Ë¸D�B Æ I�8YB Æ 8%É�PQÊND
Î«@:FQMYD Æ P
Ð6D�Î«Î�I�B¸PlÊND*MYFQI¯Cµ@%FlDpG�JIÑG �rÚ:@:B?C+PQÊ?D*BoÌNË&9�D�F=8%É¤MYÊN8 Æ PhÏ�8:I«BYP Æ I Æ <4W�<YÞ®Ê?D�B¸PQÊ?D¥@%FlF"@zÜ
l FQDUÎ«@%PQDdC�Pl8¸PQÊND Æ Ð�@:Î«@:F®CNI Æ PQFlI�9?ÌEPQI«8:B�lX7¸Ð�@:B49�D�CEI«Ë+DUB Æ I�8YBNDUC�@ Æ ÉÑ8YÎ�Î«8kÓ Æ å
ï%�LK4ðU�Y�d�d���¦~zí�ú�ùU�BM1N��>��÷d�BMzñ�ú�ùU�BM1NÑ�O�÷d�BM,ñ��;Ko���6ó
Å*ÆlÆ ÌNË¸D3ÉÑÌ?FcPlÊND�F PQÊ?@%P PQÊ?D.ÏNFl8:M:F"@%Ë¸Ë¸D�FµÊ�@ Æ Í�Î�Î«DUC PlÊND³@:FQF"@zÜ Æ o 9.<`Û�äÑÜ%G=h?:.�Sß3@:B?C
9�G*@�Û�ä�Ü�G=h?:.�?ß&ÓHI�PQÊ PQÊ?Dµ9�DUM:I«BNBNI«BNM3@%B?C£D�B�CEI�B?M3Ï�8YI�BOP�I�B�CEI«Ð�D Æ Ú¤FlD Æ Ï�DdÐ-PQI«Õ:DUÎ�Ü�ÖÑÌ Æ I�B?M
ã=Ê?@%Fl8:B2AOÌNDUFQÜ+ÉÑÌNB�Ð-PQI«8:B Æ Û6ÚO8:É¤PQÊ?D�Ð�D�Î«Î Æ I«B�PQÊ?D5MYFQI¯Cµ8kÓHBNDdCµ9oÜ¸PQÊND�Ð�@:Î�Î«I«BNM&ÏNFl8EÐ6D ÆQÆ 8:Fd<
Þ®ÊND�B¶PQÊ?D�ÉÑ8:Î«Î�8kÓHI«BNM
PLÓ=8¸Î«8O8YÏ4B?D Æ P Æ @:FQD5DBAOÌNI«Õk@%Î«D�BOPUÚNÏ?FQ8kÕoI¯CEDUC�GQP G=h?:.�r<
ï%� �B�Bö�ðd�,í�øSñ��6ó*ñîðU�Eï,í�øSñ��4ó
ï%�¦����ö�ðd�,í�ú6ñ��6ó*ñîð���ï,í�úñ��6ó
æd�EçEç}èBéEê=ëBì%�z�z���d�,íîèBéEê=ë�ìEïEïz��ðk�z�Xí�~=ëXñL�Xñi�=ó ñR�r�
	4ó
ðU��ïnïk�
ðU��ïnï%�

ï%�£�B�4úñîð���ï,í�øSñ��6ó�ù�ö�ðU�,í�øSñ��4ó�÷4ú
ïk�¦���4úñ|ðU��ï,í�ú6ñ��6ó�ù�ö�ðd�,í�úñ��6ó�÷4ú
~,íL�Xñi�Sñ��6ó0�S�r��	
ð���ïnï%�
ðU�Eïnï%�

Þ®ÊND�@%9�8kÕ:D5D��N@%Ë¸ÏNÎ«D�I�Î«Î�Ì Æ PlFl@%PQD Æ PlÊND5É�@:Ð6PHPQÊ?@%P*ã=Ê�@%Fl8:B¶Ë+I«BNI«Ë¸I�ÝUD Æ D�B�Ð�@%Ï Æ ÌNÎ¯@kPlI�8YBz{EI�P
I Æ @%Î«Ó�@zÜ Æ Ï�8 ÆQÆ I�9?Î�D&PQ84@YÐ�Ð�D ÆlÆ CN@%Pl@�FlD�Î¯@kPlDUC�Pl8¶CNI Æ PQFlI�9?ÌEPQDdC.@%FlFl@zÜ Æ CNI�FlDUÐ6PQÎ«Ü:ÚrÓHIuPlÊN8:ÌNP
Ê?@zÕoI�BNM5Pl8�Ð68:ÏoÜ&C?@kPl@�8YFAÐ�@:Î�ÎN@YÐ�Ð6D ÆQÆ ÉÑÌ?B?Ð-PlI�8YB Æ <OÞ®ÊNI Æ I Æ @¥Ï?FQ8YM:F"@%Ë¸Ë¸I�BNM�Ð68YBoÕ:D�B?I�DUB?Ð6DYÚ
@ Æ Ó�D�Î«Î¤@ Æ @+Ï�DUFcÉÑ8YFQËµ@:B?Ð6D5MY@:I�B¤<NØhFQ8YM:F"@%Ë Æ Ï?@%F"@%Î«Î�DUÎ�I«Ý�DdC�Ì Æ I«BNM ã=Ê?@%Fl8:B¶Ì Æ Ì?@%Î«Î�Ü ÌNÎuPlIuÔ
Ë¸@%PQDUÎ�Ü38YBNÎ�Ü.Ð�8:BOPl@:I�B©Î�I«9NF"@%FlÜ�ÐU@%Î«Î Æ PQÊ�@kP�Ð6FlDU@kPlD+@:B?C AOÌNDUFQÜ3CEI Æ PQFlI�9NÌNPQI«8:B Æ Ú�@%B?C.PQÊ?@%P
Ï�DUFcÉÑ8YFQË�Ê?I�MYÊEÔ¢Î«D�ÕYD�Î¤Ð�8:Ë¸Ë&ÌNB?I«ÐU@kPQI«8:B Æ <
;�I«B?@:Î�Î«Ü:ÚNI�P Æ ÊN8:Ì?Î«C¶9�D�BN8%PlDUC4PQÊ�@kP*I�P*I Æ BN8%P�B?DUÐ6D ÆQÆ @%FlÜµÍ?F Æ PHPQ8µÓHF"@%Ï�Î�DUMY@YÐ6Ü Ð�8oCND

PQ83P"@��:D4@:CEÕk@%BOP"@%M:Dµ8:É¥ã=Ê?@%Fl8:Bz� Æ 9?ÌNÎ�� Ð68YË¸Ë&ÌNBNI¯Ð�@%PQI«8:B É�@YÐ6I«Î�I�PQI«D Æ ÉÑ8:F�PlÊND4Ð�8:B Æ PQFlÌ?Ð6Ô
PQI«8:Bw8%É�Ï?@%F"@%Î«Î«D�ÎH9oÜoÏ?@ ÆlÆ D Æ <�G£F"@%ÏNÏ�D�F Æ @%B?C 9NÌ?Î��wÐ68YË+Ë
ÌNBNI¯Ð�@%PQI«8:B Æ @:FQD3Ð68YË¸ÏNÎ�D�PQDUÎ�Ü
I�B?CND�Ï�D�B?CEDUBOPU<

T ���p)VU � �%&�#

G³D�ÏNFlD Æ D�BOP®PLÓ�8+D��N@%Ë¸ÏNÎ«D Æ 8%É�BoÌNË¸D�FlI«ÐU@%Î�ÏNFl8:9?Î�DUË Æ Ú?âEØw@%B�C¶ä�í�ÚNÓHI�PQÊ3Ð�8:Ë¸ÏNÎ«I«ÐU@kPQDdC
CN@kP"@¶CND�Ï�D�B?CEDUB?Ð6I«D Æ <zm�8%PlÊ£@:FQD
Pl@=�:D�B©ÉÑFQ8YË PQÊ?D�� Å â³Ø�@%F"@%Î«Î«D�ÎÑm=DUB?Ð"ÊNËµ@%F�� Æ Ö��*Ø mHÛ
ç æ é ÚO8%É¤ÓHÊNI¯Ð"ÊµÊ?@:B?CoÔiÐ68ECEDUC ×.ØAÙ�Õ:DUF Æ I«8:B Æ ÖH�*Ø mhÔi×.ØhÙcÛA@%B�C Æ DUFQI¯@%Î?Õ:D�F Æ I�8YB Æ @%FlDHÉÑFlD�DUÎ�Ü
@zÕz@:I�Î¯@%9?Î�DY<�Þ®ÊNDUÜ.Ê?@zÕYD�PQÊ?D
ÉÑ8YFQË�åXW3Y[Z8\ �^]`_ ÖaY[ZEÛ-Ú�ÓHÊNDUFQDbY I Æ PQÊ?D
PlI�Ë¸D�Ô�CEDUÏ�DUB?CEDUBYP
Æ 8YÎ�ÌEPlI�8YB¤ÚdcJI Æ PQÊND4BoÌNË&9�D�F+8%ÉHPlÊND�PlI�Ë¸D Æ PlD�Ï¤Ú�@%B?C _ I Æ @3BN8YBNÎ«I�BNDd@%F4æ õ Ô�Ï�8:I«BYPQÔ Æ Pl@:F
Æ PlD�B?Ð�I�ÎA8YÏ�DUFl@%PQ8YFU<�Þ®ÊND�CEI�ørD�FlD�B?Ð�D+I Æ I«B£PQÊND Æ Ê?@%Ï�D¸8%ÉeW�Ú�PlÊND�CEI Æ Ð�FQD�PQI«ÝU@%PQI«8:B£Ë¸@%PQFlI��
PQÊ?@%P�CED�Í?BND Æ PlÊND2� I«Ë+Ï?Î�I¯Ð6I�PQBND ÆQÆ �r8%É�PlÊND
BoÌNË¸DUFQI¯Ð�@:Î Æ Ð"ÊND�Ë¸D:<r;N8YF�âNØ I�P5I Æ D�ø�DdÐ-PlI�ÕYD�Î«Ü�å
Wgf'h ]jilkBilm>ion Ú?@:B?C�ÉÑ8YF�ä±í&åpWrq�s ]ti \ ieu <

v�ÉHÊ /1$w��Ù.,d&
ilk Ú iom @%B�C iln @%FlD�ÉÑ8YÌNFQPQÊEÔ�8:F"CED�F®CEI�ø�DUFQDUB?Ð6D58:Ï�D�F"@kPl8:F Æ PlÊ?@kP�CED�PQD�FlË¸I�B?D5CN@%Pl@+CED6Ô

Ï�DUB?CED�B�Ð6I«D Æ I�B&PQÊNDyx�Ú�zrÚz@%B?C^2+CEI«FlDUÐ-PlI�8YB Æ ÚUFlD Æ Ï�DdÐ-PlI�ÕYD�Î«Ü:<�W{f'h.I Æ BoÌNË¸D�FlI¯Ð�@%Î«Î«Ü5I«BoÕ:DUFcPlDUC



I�B�PlÊNFQDUD&Ð68YFQFlD Æ Ï�8:B?CEI«BNM¸ÏNÊ?@ Æ D Æ Ú?DU@:Ð"Ê3I«BoÕ:8YÎ�ÕoI«BNM+PQÊND Æ 8YÎ�ÌEPlI�8YB�8%ÉA@µÎ¯@%FlM:D�BoÌNË&9�D�F¥8%É
I�B?CND�Ï�D�B?CEDUBOP�9?@:B?CEDdC.ÖÑÏ�D�BOPl@%Ô�CNI«@:M:8:B�@%ÎªÛ�Ëµ@kPQFlI��¸DkAOÌ?@kPlI�8YB Æ ÚYPQÊ?FQDUD�ÉÑ8:F�DU@YÐ"ÊµM:FlI«C�Î�I«BND:<
ôh@:Ð"ÊµDkAOÌ?@kPlI�8YB�I Æ®Æ 8:Î«Õ:DdC¸Ì Æ I«BNMµö�@%Ì ÆlÆ I«@:BµD�Î«I�Ë¸I«B?@kPlI�8YB¤ÚoI�Ë¸ÏNÎ«D�Ë¸D�BOPlDUC @ Æ PLÓ�8 Æ Ó�D�D�Ï Æ
@%Î«8:BNM©PQÊND�M:FlI¯CÈÎ«I�BNDYÚ�8:BND¶I«B PlÊND4Ï�8 Æ I�PQI«Õ:D¦ÖªÉÑ8YFQÓ®@%F"C¦D�Î«I«Ë+I«B?@%PQI«8:B�Û6Ú�@:B?C�8:BND¶I�B�PQÊ?D
BND�MO@kPQI«Õ:D�CNI�FlDUÐ6PQI«8:B Ö�9?@:Ð�� Æ ÌN9 Æ PQI�PQÌEPlI�8YB�Û-<�Þ®ÊND Ë¸D6PlÊN8ECÈÐ"ÊN8 Æ DUB¦I�B �¥Ø�m=Ôi×.ØAÙ5I Æ PQÊ?D
þ���_ÿ¢ù f �kü-ÿ¢ùªÿ�ù��%ú�Ö�×©Ø=Û®CEDdÐ68:Ë¸Ï�8 Æ IuPlI�8YB Æ PQF"@kPlD�MYÜ:<EÙ�P*@ ÆlÆ I�MYB Æ PQ8µDU@YÐ"Ê4Ï?FQ8EÐ6D ÆQÆ 8:F®Ë
ÌNÎuPlIuÔ
ÏNÎ�D�Ð�D�Î«Î ÆHÆ Ì?Ð"Ê¶PQÊ�@kPUÚ?FQDUMY@%F"CEÎ«D ÆlÆ 8:É Æ Ó�D�D�Ï�CEI«FQDdÐ-PlI�8YB¤ÚEDU@YÐ"Ê4ÏNFl8EÐ6D ÆQÆ 8:F�Ê?@ Æ Ó�8:F��µPl8¸CN8
CEÌNFlI�BNM4DU@YÐ"Ê Æ P"@%M:D&8%É�PQÊ?D Æ 8:Î«ÌEPQI«8:B3Ï?FQ8EÐ6D ÆQÆ < Å B©D��E@:Ë¸ÏNÎ�D&8%Éh@ ì Ô¢Ï?FQ8EÐ6D ÆQÆ 8:F õYê ×©Ø
I Æ
Æ ÊN8kÓHB¦I«BÈ;�I�M�< õ < ê D6P"@%I«Î Æ Ð�@%B¦9�D�ÉÑ8YÌNB?C I«B ç æ é <±GJÊNI«Î�D4Ë¸8 Æ P&Ï?@:Ð��k@:M:D Æ Ó�D�Ê?@zÕYD
Æ PlÌ?CEI«DUC�CE8¸BN8%P*@:Î�Î«8kÓJPlÊND�CED6Í�BNIuPlI�8YB�8%É�×.Ø�ÚEIuP�I Æ Dd@ Æ I�Î«Ü Æ Ï�DdÐ6I�Í?DUC¶I«B3ã=Ê?@:FQ8YB¤å
æU�EçEçÕèBékê=ëkèd��ðz��|�ð�ëk��ð�æ;|:�d�6�zí�K=õ=ç;|:�këk�Bð�æSñ¢�z�:��ï6ó
æU�EçEçÕèBékê=ë>}kðB|�ë~K=õ=ç�|%�HM:�U�>|%�;|:�d����ë�æ�õ|:� íaK=õ=ç�|:�Eëz�Bð�æ=ó
æU�EçEçÕèBékê=ëkèd��ðz��|�ð�ëBïEð�æd�~K@M%�k�z�;|:�U���zí�K=õ�çB|:�kë�æLK#M,ñ�K=õ.ç�|:�Bë%�Bð�æ�ó
æU�EçEçÕèBékê=ë>}kðB|�ë~K=õ=ç�|%�HM:�U�>|%�;|:�d����ëz��~z��ðU�Y�Xí�K=õ=çB|%�kë�æ~K@M6ó
Þ®ÊND Æ 8:Î«ÌEPQI«8:B ÏNFl8EÐ6D ÆlÆ I«B PQÊND�2�CEIuÔ

4

7

5
6

Step 5: Update layer of cells

Step 1: Update layer of cells

Step 3: Update layer of cells

Step 4: Communicate matrix
elements (CHN_Copyfaces)

elements (CHN_Copyfaces)

Each processor owns 3 cells
(proc. no. indicated on cell)

Step 2: Communicate matrix
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